abstract. Solidago species are one of the most widespread invasive species in Europe. In Central Europe, vegetation dominated by alien goldenrods can occupy vast areas. Their presence causes a decrease in the biodiversity level of numerous groups of organisms (plants, birds and insects). Alien Solidago also disturb biogeochemical cycles, as well as the primary productivity in infested ecosystems. In Central Europe, four alien Solidago species are considered as naturalized plants: late goldenrod (Solidago altissima L.), Canadian goldenrod (S. canadensis L.), tall goldenrod (S. gigantea Aiton), and grass-leaved goldenrod (S. graminifolia (L.) Elliot. = Euthamia graminifolia (L.) Nutt.). To analyse the dynamics of the growth and flowering of Soli dago species, an experiment was conducted in which the goldenrods were planted in pots. We examined the life history traits, which are treated as being strongly connected with the invasive abilities of these species. The height, number of ramets and percentage of flowered plants were noted at ten-day intervals from May to November over a period of four years. Two native species, often co-occurring with alien goldenrods, were analysed for comparison: European goldenrod (Solidago virgaurea L.) and common tansy (Tanacetum vulgare L.). The analysed species reached their maximal height during the second and third years of the experiment. The highest ramets were noted in the case of Solidago altissima, S. canadensis and S. gigantea. A group of lower plants consisted of Solidago graminifolia, together with the native species S. virgaurea and T. vulgare. The number of ramets formed by S. graminifolia was more than two times larger than in the case of other species. All of the analysed species flowered during the time of observation but, grass-leaved goldenrod, was the only one among the alien species which flowered in all pots and 100% of individuals produced mature seeds. Its phenology (early flowering and seed ripening) was more similar to native species' than to other alien Solidago. Our results suggest Solidago graminifolia has strong competitive abilities; however, its range is very limited. The reasons for the slow spread of this species in Europe -other than competitive limitations -should be considered.
INTRODUCTION
Biological invasions, together with fragmentation and degradation of natural ecosystems, are the most serious threats to biodiversity on a global scale (Vitousek et al. 1997 (Vitousek et al. , simberloff et al. 2013 . The introduction of alien species intensified in the 16th century. The discovery of America by Cristopher Columbus in 1492 is referred to as a dividing date. Subsequent to this date, many species were introduced from America to Europe and the same conversely. They are called neophytes which are contrary to species introduced earlier, the so-called archaeophytes (PyšeK et al. 2004 (PyšeK et al. , 2005 . The shift from perceiving alien species as interesting components of ecosystems to recognising them as worrying weeds occurred relatively recently, approximately 50 years ago (PyšeK & richardson 2008) . Since the development of studies on widely-distributed alien species, a new branch of ecology known as invasion ecology has emerged. At present, the main practical aim of this discipline is to prevent biological invasion and eradicate invasive species. For these purposes, knowledge about invasive species, particularly traits which cause that they are invasive, is necessary (GroVes 1991, Van kleunen & richardson 2007 , schlaePfer et al. 2010 .
Numerous studies have tried to answer the question concerning which traits enable species to invade new habitats. This knowledge allows the indication of potentially invasive species for restrictions on transport or early eradication (alPert et al. 2000 , Moravcová et al. 2015 . Plants which are expansive in their natural range, are widespread or have tendencies to grow in monocultures, are considered as potentially invasive (lake & leishman 2004) . Fast growth and production of numerous reproductive offsprings which are easily dispersed by humans and animals are characteristics related to invasiveness (baKer 1974 , rejMáneK & ricHardSon 1996 . Some life history traits connected with high competitive and reproductive abilities of a species (e.g. height of plants, production of numerous seeds, toxicity) are considered as characterising successful invaders (schmid et al. 1988, sutherland 2004) . The small--scale spread of perennial plants depends mainly on vegetative reproduction by clonal growth (eriksson 1989). Clonal plants are generally more plastic (chePlick 1995), which is a significant advantage in a new range and changing local conditions. Sexual reproduction and production of numerous widely-dispersed seeds is important in the colonization of new sites on a large scale (meyer & schmid 1999) . In the case of sexual reproduction, the synchronization of phenology is important, particularly flowering time with seasons in a new range and especially the period of wild pollinators' activity (Pilson 2000) .
Species from the Solidago genus are one of the most widespread invasive species in Europe. Their presence causes a decrease in the number of vascular plants species, bird species, bird nesting pairs and biodiversity of wild pollinators (de Groot et al. 2007 , Moroń et al. 2009 , skórka et al. 2010 . Alien Solidago disturb biogeochemical cycles as well as the primary productivity of infested ecosystems (scharfy et al. 2009 ). In Central Europe, four alien Solidago species are considered as naturalized plants: late goldenrod (Solidago altissima L. = S. canadensis var. scabra (Muhl.) Torr. and Gray), Canadian goldenrod (S. canadensis L.), tall goldenrod (S. gigantea Aiton), and grass-leaved goldenrod (S. graminifolia (L.) Elliot. = Euthamia graminifolia (L.) Nutt.) (schmid et al. 1988, rothmaler 2007, rutkowski 2013 (tokarska-Guzik 2003) . Despite the extended period of time which has elapsed since their introduction, the expansion of alien goldenrods is still being observed across Europe (weber 2001, szymura & szymura 2011). Solidago genus is one of the most-studied plant genera in the native range in North America, and in the invasive range in Europe (e.g. melVille & morton 1982 , weber 1997 , weber & schmid 1998 , abrahamson et al. 2005 . Unfortunately, little is still known about their comparative biology (schmid et al. 1988) .
The aims of the study were to examine: the dynamics of growth (changes in ramets' height during growing season), vegetative reproduction ability (the number of new ramets), and the percentage of flowered plants producing mature seeds in the case of generative reproduction), as well as the phenology of alien Solidago species which occur in Central Europe. For comparison, the same traits were analysed within native species Solidago virgaurea and Tanacetum vul gare -a perennial species which co-occur commonly with Solidago stands.
MATERIALS AND METHODS
The garden experiment was conducted in a station belonging to the Wrocław University of Environmental and Life Sciences located in Wrocław (N 51°6'54, E 17°7'42), at an altitude of 115 m a.s.l. The average annual temperature is 9.0°C (July 18.8°C, January -0.4°C) and the average annual precipitation is 583 mm, with the maximum falling between July and August. The length of the growing season is 226 days (dubicki et al. 2002) .
The dynamics of the growth and flowering of five Solidago species (S. altissima, S. canadensis, S. gigantea, S. graminifolia, S. virgaurea) and Tanacetum vulgare were analysed. Seeds from populations located near Wrocław were collected. Twenty four populations per species were sampled. The sites from which the seeds were collected represent ruderal vegetation -mostly large stands of Solidago overgrowing in abandoned fields and marginal habitats such as road verges or along fences. Usually in the particular site a single Solidago species was found. Seeds of given species were mixed and sown in the experimental station in April. After germination, small plants were transplanted into plastic pots. The pots were placed outdoors and filled with local soil (Anthropic Regosols, loamy sand texture, pH in KCl 4.6-6.0). Manual removal of weeds and irrigation was applied but no fertilisation was used during growing seasons. During winter, the pots were covered to protect them from frost.
One individual of each studied species per pot was planted in 10 replications per species. Pots within species were arranged randomly. Growth and flowering were observed from May to October for over four years. In the last year of the experiment, the observations were finished earlier, i.e. in the middle of October. Every ten days, the height of the plants, the number of ramets and phenological phases were noted. The phenological phases were described in the following classes: 0 -only vegetative shoots, 1 -appearance of generative shoots or buds of flowers, 2 -beginning of flowering (less than 50% buds sprouted), 3 -hight flowering (more than 50% buds sprouted), 4 -late flowering (appearance of first seeds), 5 -seedset (more than 50% of seeds).
RESULTS
During the first season, plants accommodated to a new environment, grew slowly and reached their maximal height in the second half of growing season (Fig. 1) . In the second and third years, the initial growth was faster. The tallest species was Solidago altissima; however, S. gigantea was able to reach a similar height. During the first year, S. canadensis reached a height similar to the group of lower species which represent: S. virgaurea, Tanacetum vulgare and Solidago graminifolia. During the course of the experiment, the differences in average height between S. canadensis, S. altissima and S. gigantea diminished. Observed at the end of growing seasons, in October (observation term no. 16-18) the decrease in average height of some species (e.g. Tanacetum vulgare, Solidago virgau rea and S. canadensis) was a result of senescence and decaying ramets.
The number of ramets was relatively low in the first year of observations within all observed taxa (Fig. 2) . Their number was gradually increasing during the experiment and was highest in the final year. In the case of invasive Solidago species, the number of ramets was relatively high immediately at the beginning of each growing season, while the ramets' number of S. virgaurea and Tanacetum vulgare, initially low, increased gradually during season (Fig. 2) . The number of ramets of Solidago graminifolia was more than two times higher than the remaining species, with the exception of the first growing season. During the experiment, the number of ramets of Tanace tum vulgare was the lowest in spite of the fact that in the first year the number of ramets of this species was highest. In the majority of invasive species (S. altissima, S. canadensis, S. graminifolia), a fluctuation in ramet production was observed. At the beginning of vegetation season, new shoots appeared and slowly decayed with time, while the other ones were produced during the season.
All analysed species flowered and produced ripe seeds during the experiment. In the first year, the generative shoots or buds of flowers were produced relatively late and a considerable proportion of plants were not able to seedset, among them all individuals of Solidago graminifolia (Fig. 3) . The following years' plants started to develop inflorescences earlier and all of the species produced mature seeds. The exception was S. canadensis, which did not produce any inflorescence in the last year of the experiment. The percentage of plants producing mature seeds was high and in the case of S. graminifolia, all individuals flowered and produced seeds. The exception was S. canaden sis whose maximal percentage of seedset plants was 60%, but usually much less. In general, the invasive species, with the exception of S. graminifolia, flowered later than native ones. It was observed that S. virgaurea distinguished itself by another pattern of flowering and seedset. Some of the shoots ripened relatively early and the species was able to produce seeds for most of a growing season. Invasive species usually started flowering relatively later and the period of flowering was shorter than S. virgaurea (Fig. 3) .
DISCUSSION
It is hard to identify traits that unquestionably are responsible for invasiveness in spite of numerous studies devoted to this problem (e.g. baker 1974 , schmid et al. 1988 , eriksson 1989 , chePlick 1995 , PyšeK et al. 1995 , rejMáneK & ricHardSon 1996 , Goodwin et al. 1999 , meyer & schmid 1999 , lake & leishman 2004 , sutherland 2004 . One of the reasons is that different traits favour invasiveness in various habitats and stages of invasion (alPert et al. 2000 , Moravcová et al. 2015 . Species which were examined in our experiment and settled in similar habitats (S. altissima, S. canadensis and S. gigantea) -mainly abandoned fields and marginal habitats -represent the same stage of invasion.
The species from Solidago genus exhibit high phenotypical plasticity related to environmental conditions (weber 1997, weber & schmid 1998) . Garden experiments are commonly used to reduce the influence of the environment on plants' morphology ( walck et al. 1999 , Van kleunen & schmid 2003 Van kleunen & schmid , moloney et al. 2009 ). In the native range of goldenrods in America, the height of the ramets varies from 50 to 200 cm in the case of Solidago altissima and S. gigantea, and . 1988 ) and in our study, reveal a slightly different pattern of growth of S. altissima, S. canadensis and S. gigantea. It was found that in the native range, ramets of S. canadensis were more numerous, grew faster, flowered earlier and produced more mature seeds than S. altissima and S. gigantea (schmid et al. 1988 ). However, these species did not differ significantly in average height (schmid et al. 1988 ).
We also did not observe differences in height among these three taxa, with the expection of the first year of the experiment (Fig. 1) , where S. canadensis was lower than the two remaining species. Contrary to the results from the native range, we did not confirm differences in the number of ramets produced (Fig. 2) . The phenological phases were also similar; however, our experiment shows that S. canadensis flowered later and produced a lower percentage of flowered ramets and mature seeds (Fig. 3) .
The results of the experiment highlight a contrast between S. altissima, S. canadensis and S. gigantea on one hand and S. graminifolia on the other. The last species produced the highest number of ramets. Moreover, its phenology was more similar to native species than other alien Solidago, in accordance with the earlier time of flowering and seed ripening. Despite commonly being referred to by its European name (Solidago graminifolia (L.) Elliot.), the taxon should be classified as Euthamia Nutt. genus based on anatomical and DNA studies (semPle et al. 1981 (semPle et al. , 1984 conducted in America. Therefore, its correct taxonomical name is Euthamia graminifolia (L.) Nutt. The differences in the analysed life history traits suggest the separateness of this species from other Solidago and confirm that it should be classified as another genus.
Our results imply strong competitive abilities of Solidago graminifolia because of its high ability to have both vegetative (high number of ramets) and generative (long period of flowering and the high percentage of seedset) reproduction. It is not in agreement with the actual range of this species, limited in Poland to the vicinity of the city of Opole. This species is considered as being in the 'lag phase' however; in recent years, its spread in different habitats in the south-western part of Poland has been observed (dajdok & nowak 2006, szymura & szymura 2013) . Observations show that this species has broken the reproductive and dispersal barriers in the process of invasion. Therefore, monitoring and control of this species is essential to prevent its further distribution in Europe.
The phenology of flowering should be related not only to the ability of species to the invasion, but also to the environmental effect of the invader. The most widespread goldenrods (Solidago altissima, S. canaden sis and S. gigantea) flower during late summer and early autumn when the flowers of the other honey plants are already overblown. On the contrary, the studied native species have a longer period of flowering (Fig. 3) which suggests that they are more useful for a higher number of pollinator species. The invasive Solidago species are potentially a good supplementary source of nectar for pollinators, especially honeybees (Apis mellifera L.) (Moroń et al. 2009 (Moroń et al. , hurej et al. 2012 . However, the invasion of Solidago species has a negative effect on the abundance of wild pollinators (Moroń et al. 2009 (Moroń et al. , fenesi et al. 2015 . The effect on honeybees differs in relation to landscape configuration. In a diverse landscape, patches of the invasive Solidago were unattractive (fenesi et al. 2015) , while uniformly, in a human-dominated landscape, the number of honeybees was higher in patches of invaded vegetation (Moroń et al. 2009 ). Nevertheless, the abundance of honeybees, as domesticated species, is mostly regulated by beekeeper practices (Moroń et al. 2009 ). Since the invasion alters the mutualistic links between the pollinators and plants (Moroń et al. 2009 (Moroń et al. , fenesi et al. 2015 , some programs preventing the goldenrods should be introduced (Moroń et al. 2009) .
It is commonly accepted that disturbances which cause rapid resource release promote the invasive species (hobbs & huenneke 1992 (hobbs & huenneke , bobbink et al. 1998 (hobbs & huenneke , daVis et al. 2000 . The results of our experiment show that the native species S. virgaurea and Tanacetum vulgare exhibit more traits related to the R strategy (Grime 2001) in that they produce relatively more flowering shoots and seeds during almost all growing seasons (Fig. 3) . Moreover, they exceed the alien species in the number of the ramets produced just after establishing, during the first year of the experiment (Fig. 2) . We consider it to be an adaptation of relatively high disturbance frequency. Thus, taking advantage of disturbances by invasive goldenrods is relative and could depend on the size of the disturbed area. In the case of abandoned fields, it was suggested that invasive species (e.g. Solidago gigantea) have an opportunity to dominate the vegetation when the disturbances are severe and cover relatively large areas (bartha et al. 2014) . The species of mid-successional phases are promoted mostly by smaller-scale but frequent disturbances (bartha et al. 2014) . Therefore, the observed differentiation in life history traits can explain why the large-scale field abandoning recently observed in Poland promotes invasive Solidago, while it is disadvantageous to the observed native species.
CONCLUSIONS
1. The highest ramets produced S. altissima, S. canadensis and S. gigantea, whereas S. graminifolia with native species: S. virgaurea and Tanacetum vul gare formed a group with lower ramets. 2. The most numerous ramets produced Solidago graminifolia. This species was flowered and produce mature seeds in 100% of ramets in the second year of the experiment. Moreover, their phenology is more similar to native species. These traits imply high invasive abilities of this species. 3. The time of flowering of Solidago altissima, S. canadensis and S. gigantea is late summer and early autumn, while the period for the native species and S. graminifolia is longer as it begins earlier.
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